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(54) MANUFACTURE OF POSITIVE ELECTRODE ACTIVE MATERIAL FOR 
LITHIUM SECONDARY BATTERY 

(57)Abstract: 

PURPOSE: To make a crystal structure to be of a 
single phase, and thereby obtain an oxide high in 
crystal finishing degree by mixing coprecipitated 
hydrooxide which is obtained by adding alkali 
solution to the mixed water solution of 
manganese salts and nickel salts, with lithium 
compounds, and thereby sintering a products thus 
obtained at a specified temperature. 
L iNirMniiMj Q > CONSTITUTION: In the manufacture of a 

composite oxide for positive electrode active 
material indicated by a formula, alkali water 
solution is added first to the mixed water solution 
of manganese salt and nickel salt the amounts of 
which are divided by a specified volumetric ratio, 
so as to be coprecipitated, the product is then 
filtered and cleaned with water, and a manganese 
nickel hydrooxide is thereby obtained thereafter. 
It is proved by a X ray diffraction that the product 
is roughly of a single phase, and thereby its 
crystal finishing degree is high. Next, a specified amount of a lithium compound such as 
lithium hydrooxide and the like is mixed to the aforesaid composite hydrooxide so as to 
be sintered, and a composite oxide containing lithium with a crystal structure in which Li 



s 

is easily moved, is thereby obtained. Furthermore, since its sintering temperature is set to 
be 600 to 800°C, there occurs no disturbance in a crystal structure. By this constitution, 
the positive electrode active material can be obtained, which is high in capacity and 
excellent in cyclic characteristics, (in the formula, x is defined by 0.95>x>0.70). 
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CLAIMS 



[Claim(s)] 

[Claim 1] With the lithium content multiple oxide containing a lithium, nickel, and 
manganese General formula LiNixMn (1-x) It is the manufacture approach of the positive 
active material which sets to 0.95>=x>=0.70 x values in the formula expressed with 02. 
After obtaining the compound hydroxide of manganese and nickel by adding an alkali 
solution to the mixed water solution of manganese salt and nickel salt, and carrying out 
coprecipitation of the hydroxide of manganese and nickel, The manufacturing method of 
the positive active material for lithium secondary batteries characterized by mixing with 
lithium compounds, such as a lithium hydroxide, and calcinating this mixture. 
[Claim 2] The manufacturing method of the positive active material for lithium secondary 
batteries according to claim 1 which calcinates the mixture of manganese, the compound 
hydroxide of nickel, and a lithium compound below 600 degrees C or more 800 degrees 
C. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is the thing especially about the manufacturing 

method of the positive active material of a lithium secondary battery. 

[0002] 

[Description of the Prior Art] In recent years, portable-izing of electronic equipment and 
cordless-ization are progressing quickly, it is small and lightweight as these power 
sources for a drive, and the request to the rechargeable battery which has a high energy 
consistency is high. A nonaqueous rechargeable battery, especially a lithium secondary 
battery have great expectation at such a point as a cell which especially has a high voltage 
and a high energy consistency. 

[0003] The cell which thus, used LiCo02 for the positive electrode and used the carbon 
material for the negative electrode is developed. 4V, since it is high, while cell voltage 
becomes high to Li, since the action potential of LiCo02 used carbon material for the 
negative electrode and uses the intercalation reaction, the shape of a dendrite Li which 
was a technical problem at the time of using Metal Li for a negative electrode cannot 
deposit on a negative electrode, and it can raise the safety of a cell. 
[0004] However, development of the lithium content multiple oxide which replaces 
LiCo02 is progressing from the problem of the resource of Co, and the problem of cost, 
and LiNi02 etc. began to attract attention. Since these kinds including LiNi02 and 
LiCo02 of lithium content multiple oxide [ each ] is a stratified compound with the 
crystal structure of the same hexagonal system which shows high potential and can use an 
intercalation reaction, that expectation is great as a positive-active-material ingredient. 
The lithium content multiple oxide which permuted some nickel of LiNiO(s)2, such as a 
thing which starts LiNiO(s)2, such as LixNi02 (U.S. Pat. No. 4302518) and LiyNi2-y02 



(JP,2-40861,A), for example, or LiyNixCol-x02 (JP,63 -299056, A), LiyNil-xMx02 
(however, M Ti, V, Mn, or Fe), by other metals from such a viewpoint is proposed. In 
addition, lithium content multiple oxides, such as AxMyNz02 (however, A alkali metal 
and M transition metals and N a kind of aluminum, In, and Sn) (JP,62-90863,A) and 
LixMyNz02 (however, M was chosen from Fe, Co, and nickel it is a kind at least and N 
was chosen from Ti, V, Cr, and Mn at least a kind) (JP,4-267053,A), are also proposed. 
And development of the lithium secondary battery of the high energy consistency which 
had 4V class discharge potential using these active material ingredients is furthered. 
[0005] 

[Problem(s) to be Solved by the Invention] Since LiNi02 shows the action potential of 
4V to a lithium in these lithium content multiple oxides, if it uses as positive active 
material, the rechargeable battery which has a high energy consistency is realizable. 
However, cell capacity deteriorated with progress of the charge-and-discharge cycle of a 
cell, by 50 cycle eye, it fell to 65% of initial capacity, and the technical problem that a 
good charge-and-discharge cycle property was not acquired occurred. 
[0006] What contains in coincidence the metallic element of the lithium multiple oxide 
and variety which permuted some nickel as shown above by other metals has been 
proposed to such a technical problem. However, while cycle reversibility of what 
permuted some nickel of LiNi02 by other metals improved, it is in the inclination for 
discharge capacity to become small and for discharge voltage to also become low, and 
resulted in reducing the description of the high voltage and high energy consistency 
which are originally demanded. Both cycle reversibility discharge capacity and the 
discharge voltage of what permuted some nickel by Mn in these were comparatively 
good compared with other lithium content multiple oxides. 

[0007] Here, composition of the active material which permuted some nickel of LiNi02 
by Mn had the common method (it is henceforth called a compound expression synthesis 
method) of adding and calcinating Mn compounds, such as a manganese dioxide and 
manganese nitrate, to Li compounds, such as a lithium hydroxide, and nickel compounds, 
such as nickel hydroxide. By this mixed calcinating method, in order to permute some 
nickel by Mn certainly, the burning temperature of at least 800 degrees C or more was 
required, and as long as the X diffraction was seen, the substitution reaction was not 
completed, and the compound with the high crystal completeness which has a single 
phase was not obtained below at this temperature. 

[0008] However, when compounded at the elevated temperature 800 degrees C or more, 
nickel and Mn entered the site into which Li should go in a crystal, the crystal structure 
was confused, and cycle reversibility and discharge capacity were falling. Thus, it was 
not so desirable to have calcinated the lithium content multiple oxide based on LiNi02 at 
an elevated temperature. 

[0009] This invention offers the manufacturing method which can obtain the stable 
crystal field where such a technical problem is solved, the crystal structure of a lithium 
content multiple oxide which permutes some nickel by Mn certainly and is expressed 
with general formula LiNixMn(l-x) 02 is mostly made into a single phase, there is no 
collapse of a crystal highly [ crystal completeness ], and Li tends to move within a 
crystal. 
[0010] 

[Means for Solving the Problem] In order to solve the above-mentioned technical 



problem, the manufacture approach of the positive active material for lithium secondary 
batteries of this invention It is expressed by general formula LiNixMn(l-x) 02 by the 
multiple oxide which consists of a lithium, nickel, and a manganese presentation. It is the 
manufacture approach of the positive active material which sets x values in a formula to 
0.95>=x>=0.70. After obtaining the compound hydroxide of manganese and nickel by 
adding an alkali solution to the mixed water solution of manganese salt and nickel salt, 
and carrying out coprecipitation of the hydroxide of manganese and nickel, It mixes with 
lithium compounds, such as a lithium hydroxide, and this mixture is calcinated in 600- 
degree-C or more temperature requirement 800 degrees C or less. 
[0011] 

[Function] According to the manufacturing method of this invention, since the compound 
hydroxide (following and nickel-Mn compound hydroxide) of nickel and manganese has 
been obtained by adding an alkali solution to the mixed solution of manganese salt and 
nickel salt, and carrying out coprecipitation of the hydroxide of manganese and nickel, it 
has resulted in the solid-solution level which permuted some nickel certainly from Mn, 
and also by the X diffraction, the crystal structure almost has a single phase and has 
become what has very high crystal completeness. 

[0012] And if Li salt is added and calcinated to this nickel-Mn compound hydroxide, the 
lithium content multiple oxide which has the crystal structure which Li tends to move 
within a crystal can be obtained. Since burning temperature is furthermore made into 600 
degrees C - 800 degrees C by this invention, there is no turbulence of the crystal 
structure. 

[001 3] Moreover, in order to acquire the crystal structure which formed the mixed 
valence condition of nickel and Mn and was stabilized, the number of permutations to 
Mn of nickel at least is [ 0.05 or more ] required. However, if the number of permutations 
to Mn of nickel exceeds 0.30, increase of distortion of a crystal, generating of collapse of 
the crystal structure, and a mixed valence condition are disproportionate, the situation of 
being hard to move Li will be made and capacity deterioration of an active material will 
become remarkable. 
[0014] 

[Example] Hereafter, the example of this invention is explained for a drawing, making it 
reference. 

[0015] First, the manufacturing method by the coprecipitation of the nickel-Mn 
compound hydroxide of this invention is explained. The nickel sulfate of a commercial 
reagent was added to water, the nickel-sulfate water solution of a saturation state was 
created, the manganese sulfate of the specified quantity (doubling with the target 
Mn/nickel ratio) was added to this, and the saturated water solution which adds and 
adjusts water further and contains a nickel sulfate and a manganese sulfate was created. 
Subsequently, when the alkali water solution which dissolved the sodium hydroxide in 
this water solution was added slowly, stirring, precipitate (coprecipitation) of the 
hydroxide of nickel and Mn started in coincidence. It filtered, and precipitate was 
collected and rinsed, after having discerned that fully added the alkali solution and 
precipitate was completed. Rinsing is repeated measuring pH, and after discerning that 
residual alkali was lost mostly, it was made to dry with hot blast air (for the air forced 
oven set as 100 degrees C to have been used). 

[0016] Thus, the X diffraction pattern of the obtained nickel-Mn compound hydroxide 



was very close to the single phase, and contained Mn and nickel by the target ratio mostly 
as a result of elemental analysis. 

[0017] In addition, although the manganese sulfate was used as a nickel sulfate and a 
source of manganese as a source of nickel of a coprecipitation raw material in this 
example, all are usable if manganese nitrate etc. is the salt which can make a water 
solution fundamentally as nickel nitrate and a source of manganese as a source of nickel. 
Moreover, although the sodium-hydroxide water solution was used as an alkali solution, 
you may be other alkali solutions, such as a potassium-hydroxide water solution and a 
lithium-hydroxide water solution. 

[0018] Subsequently, a baking process with Li compound is explained. The 2nd step of 
baking was carried out at 750 degrees C in 2 hours after [ while the ball mill ground in 
addition so that the sum of the atomic number of Mn and nickel and the atomic number 
of Li might become the nickel-Mn compound hydroxide obtained by the above- 
mentioned coprecipitation ana, using a lithium hydroxide as a Li compound, ] mixing 
enough, putting this composite into the crucible made from an alumina and carrying out 
the 1st step of baking at 550 degrees C into oxygen in 20 hours. It cooled slowly to the 
after [ baking ] room temperature, and what was ground was used as positive-active- 
material powder. 

[0019] As a result of trying composition about some Mn-nickel compound hydroxides 
with which Mn/nickel ratios differ, the X diffraction pattern of this lithium content 
multiple oxide was obtained with the single phase as x values of general formula 
LiNixMn(l-x) 02 which show the presentation of an active material are 0.7 or more. 
However, although the X-ray pattern was a single phase mostly when x values became 
less than 0.7, there was an inclination for peak intensity to become weaker and for 
crystallinity to fall. Furthermore, when x values were less than 0.5, the layer structure of 
hexagonal system had collapsed. 

[0020] And after mixing acetylene black to this positive-active-material 100 weight 
section in 5 weight ****** jq m i nu tes, this mixture was scoured with the liquid which 
dissolved the polyvinylidene fluoride (PVDF) of a binder in the solvent of N-methyl 
pyrrolidinone (NMP), and it considered as the paste. In addition, the amount of PVDF 
was adjusted so that it might become 4 weight sections to the positive-active-material 100 
weight section. Subsequently, after plastering one side of aluminum foil with this paste, it 
dried and rolled out and considered as the plate. Drawing 1 is drawing of longitudinal 
section of the coin form lithium secondary battery used for the example of this invention. 
In drawing 1 , a positive electrode 1 is what pierced said plate to disc-like, and is installed 
inside the positive-electrode case 2. Moreover, a negative electrode 3 is what stuck the 
metal lithium by pressure on the network 5 made from stainless steel, and spot welding is 
carried out inside the obturation plate 4. The separator 6 made from polypropylene is 
allotted between the positive electrode 1 and the negative electrode 3, and the electrolytic 
solution 7 is poured in. Moreover, it sealed through the gasket 8 made from 
polypropylene. In addition, what melted the one-mol 6 phosphorus-fluoride acid lithium 
(LiPF6) in ethylene carbonate (EC) and the mixed solvent of diethyl carbonate (DEC) 
was used for the electrolytic solution. 

[0021] and the value of x of positive active material expressed with general formula 
LiNixMn(l-x) 02 - 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9, and 0. - it was referred to as 
95 and 1 .0 and the coin form cell was produced by the same approach as the above using 



these. In addition, x= 1.0 is LiNi02 which does not contain Mn. Subsequently, charge- 
and-discharge cycle life test was performed using these cells. The charge and discharge 
of the charge-and-discharge conditions were carried out according to the constant current 
of 0.5 mA/cm2 to the positive electrode at the room temperature (20 degrees C), and they 
performed 4.3V and discharge final voltage for the charge termination electrical potential 
difference as 3.0V. 

[0022] The positive active material of the range of x=0. 1-0.4 had an initial capacity as 
small as 50 - 80 mAh/g, and cycle degradation of drawing 2 was also large at the result of 
a charge-and-discharge cycle trial, it fell to 50% of initial capacity by 50 cycle eye, and, 
also after that, degradation progressed. 

[0023] The positive active material of the range of x=0.5-0.6 had large cycle degradation, 
although initial capacity was 1 10 - 120 mAh/g, and it fell to 70% of initial capacity by 50 
cycle eye, and, also after that, degradation progressed. 

[0024] While the positive active material of the range of x=0.7-0.95 had an initial 
capacity as large as 140 - 150 mAh/g, and cycle degradation was also small and 
maintaining 90% of initial capacity by 50 cycle eye, also in the repeat of the cycle after it, 
a capacity fall was hardly seen. However, although, as for the positive active material 
which does not contain Mn by x= 1 .0, the thing of 150 or more mAh/g was obtained just 
for initial capacity, cycle degradation was large, it fell to 65% of initial capacity by 50 
cycle eye, and, also after that, degradation progressed. 

[0025] The value of x in active material LiNixMn(l-x) 02 compounded using the nickel- 
Mn compound hydroxide adjusted according to coprecipitation has the desirable thing of 
the range of 0.7-0.95 so that clearly also from the above result. 
[0026] Next, the value of x of positive active material expressed with general formula 
LiNixMn(l-x) 02 performed examination which changes burning temperature about the 
thing of the range of 0.70-0.95. 550-degree-C process of 20 hours which is the 1st step of 
baking was performed like the above, and made burning temperature 550 degrees C, 600 
degrees C, 650 degrees C, 700 degrees C, 750 degrees C, 800 degrees C, 850 degrees C, 
and 900 degrees C about subsequent baking. And the same cell as the above was 
constituted using such positive active material, and the charge-and-discharge cycle trial 
of the same conditions as the above was performed. This result is shown in drawing 3 . In 
addition, x values in the above-mentioned formula were set to 0.8. 
[0027] The initial capacity and cycle property also had the good active material which 
compounded burning temperature as 600 degrees C - 800 degrees C so that clearly also 
from drawing 3 , the 550-degree C thing was inadequate in initial capacity and cycle 
nature, as for the 850 degrees C - 900 degrees C thing, initial capacity became a little and 
small, and cycle degradation also became large. 

[0028] Since cycle degradation of what has a good initial capacity will become a little 
and large if cycle degradation will become a little and large if it becomes 800 degrees C, 
although the burning temperature of positive active material has 600 degrees C - 800 
degrees C better than the above result, initial capacity also becomes a little and more 
smallish and it becomes 600 degrees C, 650 degrees C - 750 degrees C are desirable. 
[0029] Although this example described the thing in case x values are 0.8, as a result of x 
values' performing examination about the burning temperature respectively same about 
the thing of the range of 0.70-0.95, the result which shows the same inclination as the 
case of x= 0.8 was obtained. 



[0030] The positive active material which has the presentation of LiNi0.8Mn 0.2O2 was 
compounded using the conventional mixed formula synthesis method. First, the 2nd step 
of baking was carried out in 750 degrees C and 2 hours after having carried out weighing 
capacity of nickel hydroxide, a lithium hydroxide, and the manganese hydroxide so that 
the atomic ratio of nickel:Mn:Li might be set to 0.8:0.2:1.0, it mixed while the ball mill 
ground, and putting mixture into the alumina crucible and carrying out the 1st step of 
baking into oxygen in 550 degrees C and 20 hours. It cooled slowly to the after [ baking ] 
room temperature, and what was ground was used as positive active material. The X 
diffraction pattern of this active material did not become a single phase, but became that 
in which two or more phases exist. Then, as a result of performing examination which 
changes the 2nd step of burning temperature in 650 degrees C - 900 degrees C, a single 
phase came to be obtained by making burning temperature into 800 degrees C or more. 
[003 1] Although drawing 4 was the result of performing the same charge-and-discharge 
cycle trial as the above using the active material created with each above-mentioned 
temperature, its cycle degradation was remarkable while the crystal structure of a single 
phase was not acquired and the initial capacity of the positive active material which made 
burning temperature 650 degrees C - 750 degrees C was also small, it almost fell to 50% 
or less of initial capacity at the 50 cycle time, and, also after that, degradation progressed. 
[0032] On the other hand, although the crystal structure became a single phase and, as for 
the active material compounded with the burning temperature of 800 degrees C or more, 
maintained 80% of initial capacity at the 50 cycle time, capacity value became 100 or less 
mAh/'g, and decreased further. 
[0033] 

[Effect of the Invention] As mentioned above, by the manufacturing method of the 
positive active material for lithium secondary batteries of this invention, since the 
compound hydroxide (henceforth, nickel-Mn multiple oxide) of nickel and manganese 
has been obtained by adding an alkali solution to the mixed solution of nickel salt and 
manganese salt, and carrying out coprecipitation of the hydroxide of nickel and 
manganese, the crystal structure has resulted in the solid-solution level which permuted 
some nickel certainly from Mn, almost has a single phase also by the X diffraction, and it 
has become what has very high crystal completeness. And if Li salt is added and 
calcinated to this nickel-Mn compound hydroxide, the lithium content multiple oxide 
which has the crystal structure which Li tends to move within a crystal can be obtained, 
and the positive active material capacity excelled [ positive active material ] in the cycle 
property greatly can be obtained. 
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